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REMARKS 

The Examiner has objected to the specification due to the deficiencies in Equations E2 on 
page 6 of the current application. Accordingly, Equation E2 has been amended as specified 
above on page 2 of the current response. Thus, the Applicant respectfully submits to the 
Examiner that the objection should be withdrawn in view of the amendment to the specification. 

The Examiner has rejected claims 2 through 01, 12, 13, 15 through 18 and 20 through 24 
under 35 U.S.C. §112, Second Paragraph as allegedly being indefinite for failing to particularly 
point out and distinctly claim the subject matter which the Applicant regards as the invention. 

Accordingly, claim 2 has been amended to now explicitly recite "in the propagation 
direction." 

Claims 6, 8, 15 through 18 and 20 through 24 have been amended to delete the language, 
"any one of." 

Claims 6, 8, 16, 18, 22 and 24 have been amended to recite "polynomial approximation" 
in lieu of "other mathematical approximation." 

Claims 7, 17 and 23 have been amended so that equations E2 now recite "z >= Zk" in 
stead of "z <= Zk" Unfortunately, the above, amendment in the equations is not indicated in terms 
of underline and striking since the equation editor lacks such capabilities. Claims 7, 17 and 23 
have been further amended to delete "and R is the radius of the curvature of the phase front." 

Claim 12 is now directed to "arrayed waveguide grating." 

Claim 13 is now amended to explicitly recite "in the coupling region. ..." 
Based upon the above amendments, the Applicant respectfully submits to the Examiner that the 
rejections under the section 1 12, Second Paragraph should be withdrawn. 

For the prior art rejections, the Examiner has rejected claims 1, 2, 4/1, 4/2, 9/1, 9/2, 14, 
19 and 20 under 35 U.S.C. §102(b). Furthermore, the Examiner has rejected claims 4/1, 4/2, 11, 
12, 14, 19 and 20 35 U.S.C. §103. To overcome the above pending prior art rejections, the 
subject matter limitations of dependent claim 4 has been incorporated into independent claim 1 . 
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The same subject matter limitations are already recited in other independent claims 14 and 19. 
Thus, the same following remarks are applicable to all of the independent claims. 



With regard to present claim 4 and European patent application 0 598 622 (Arii), the 
Examiner states that 'The discussion of light leakage of the curved and tapered waveguides in 
Arii et al implies that at least some of the waveguides in the coupling region have a width that is 
less than a critical width of the waveguide at a given wavelength" (sentence bridging pages 4 and 
5 of the Office Action). 

First of all, it is observed that the coupling region according to Arii does not comprise "a 
plurality of coupled waveguides" as explicitly recited in independent claim 1 . Arii relates to "an 
optical circuit in which a plurality of branched optical waveguides are connected to the light 
receiving side and the light ejecting side of a main optical waveguide, which mixes the entering' 
light" (claim 1 on page 15 of Arii). Only the main optical waveguide mixes light and qualifies as 
a coupling region in the sense of the present invention. With reference to the drawings, the 
coupling region according to Arii (numeral 32 in Figure 2 A) extends between the lines marked 
LI. This region does not comprise "a plurality of coupled waveguides". For this reason alone, 
(present and former) claim 1 is not anticipated by Arii. 

Second, the fact that light leakage is being discussed in Arii does not in the least bit imply 
that any waveguides having a width smaller than the critical width are present. As explained in 
Arii (page 5, lines 29-33): "In the process of the propagation of light within an optical 
waveguide, transmission loss occurs due to the absorption or scattering of light. Transmission 
loss is determined according to the materials or manufacturing methods of the optical waveguide, 
and is substantially proportional to the length of the optical waveguide. Accordingly, it is 
necessary to shorten the dimensions of the optical circuit as much as possible in order to reduce 
transmission loss." Arii goes on to discuss in detail several specific sources of loss, in particular 
shape loss, connection loss, and loss due to bend. (Page 5, line 56 to page 6, line 1 :) "Reduction 
of the loss due to bend is a very important issue for waveguide type optical star couplers, 
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especially for multiple branched optical star couplers. The reason is that in the multiple branched 
optical star coupler, the degree of bend becomes larger as the position of branched optical 
waveguides moves toward the outside of the central axis of the mail optical waveguide." Arii 
then discloses, at great length, specific ways of avoiding losses. 

From these extensive discussions, it follows unequivocally that the widths of the 
branched optical waveguides in Arii are significantly larger than the critical width. For, if these 
widths would be smaller than the critical width, all the above measures to reduce losses would be 
futile. Put differently, it is reasonable to conclude that Arii actually teaches away from the 
present invention, i.e. losses in the branched waveguides should be reduces as much as possible 
and it is therefore imperative to employ widths larger than the critical width. 

Third, one of the inventors, Mr. K. Steenbergen, has calculated the critical width of the 
waveguides according to Arii based on the data provided on page 6, lines 46-67 of Arii. The 
above calculations are shown in a graph that is enclosed in the current response. From these 
calculations, it appears that the critical width of the branched waveguides according to Arii 
amounts to approximately 1 jam, whereas the actual widths range from 8 to 42 jam (see charts 1 
and 2 on pages 13 and 14 of Arii). I.e. the smallest width according to Arii is eight times larger 
than the critical width. 

In view of the above facts, Arii is considered not relevant for amended claim 1 and claim 

14. 

With regard to the present claim 4 and Tanaka et al, the Examiner mentions that Tanaka 
et al "states that there is scattering loss in the variable width coupling region waveguides (see 
Table 1), even though such a loss is less than in the prior art devices. A person of ordinary skill 
in the art would obviously interpret this data to mean that at least some of the waveguides in the 
coupling region have a width that is less than a critical width of the waveguide at a given 
wavelength". 
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As explained with regard to Arii, scattering losses occur invariably and the fact that such 
losses are mentioned hence does not imply any information with regard to their source. As these 
losses should be kept low, it is imperative to employ a width significantly larger than the critical 
width. 

Tanaka relates to glass waveguide lxN branching devices, comprising a tree 
configuration of Y-shape branches to split input optical power equally to N output ports, i.e. a 
1x8 branching device comprises (1+2-1-4=) 7 Y-shape branches. An example of a Y-shape branch 
is shown in Figure 1 of Tanaka. 

It is explained in Tanaka (on page 1, left column, last paragraph) that ". . ., we have found 
that the difference in the effective refractive index between the waveguide branching region and 
the substrate is 43% larger than that between the straight waveguide region and the substrate. It 
has also been calculated that this change in the effective refractive index difference causes large 
scattering loss. This increase of the effective refractive index is caused by larger amount of ions 
doped through the wide opening of the conventional Y-shape mask pattern. Therefore we 
modified the Y-shape mask pattern to be narrower and have smaller branching angle in order to 
avoid the large and rapid effective refractive index change as shown in Fig.l (b). Simulation 
result shows that it is possible to determine the dimension parameters of the modified Y-pattern 
so as to eliminate the effective refractive index change in the branching region." 

Although Tanaka does not mention dimensions or refractive indices, and hence does not 
allow calculation of the critical width, it is at least likely that the width of the input waveguide of 
the Y-branch of Tanaka is considerably larger than the critical width, because otherwise losses in 
this waveguide would be unacceptable. 

Mr. K. Steenbergen has performed a literature search and has found Seki et al, "Two-step 
purely thermal ion-exchange technique for single-mode waveguide devices in glass." A copy of 
this reference is enclosed in the response for the Examiner's convenience. This article was 
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drafted by the same research group as Tanaka - Seki is one of the authors of Tanaka, and all 
authors mentioned in both articles are with the Tsukuba Research Laboratory of the Nipppn 
Sheet Glass Co. - and relates to the same technology, i.e. two-step thermal ion-exchange (see the 
title of Seki and item 2.1, second paragraph of Tanaka). 

Seki mentions, in the right column, lines 21-26, a waveguide having a cross-section of 16 
x 9 |nm and a contrast of 0.004. It is also noted that this cross-section and contrast yield a modal 
width that is ideally suited connection to a single mode optical fiber and that the waveguides 
according to Tanaka are indeed intended for connection to single mode optical fibers (see e.g. 
page 889 item 3(1) and Fig. 6 of Tanaka). 

In view of these facts, it is practically certain (and definitely "more likely than not") that 
the waveguides in Tanaka also have a cross-section of 16 x 9 jum and a contrast of 0.004. Mr. K. 
Steenbergen has calculated the critical width of these waveguides for both wavelengths 
mentioned in Tanaka, i.e. 1300 and 1550 nm. These calculations are shown in the graphs that 
are also enclosed in the current response. 

From these calculations, it appears that the critical width of the branched waveguides 
according to the Examples in Arii amounts to approximately 4 jam, whereas the actual width is 
16 \xm. The calculations also show that the 43% and 29% increases of the effective refractive 
index mentioned in Tanaka result in a decrease of the critical with. I.e. the actual width 
according Tanaka is at least four times larger than the critical width. 

The above conclusions are also confirmed by the fact that in Tanaka use was made of a 
tree configuration of (1+2+4=7) Y-shape branches, which is bulky and expensive. If use was 
made of branches having a width smaller than the critical width, a true 1x8 branch device could 
have been build. 
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Base upon the above discussions, the Applicant respectfully submits to the Examiner that 
the pending rejection of newly amended claim 1 and other independent claim 14 and 19 should 
be withdrawn. Since dependent claims ultimately depend from one of these independent claims 
and incorporated the above distinguished subject matter limitations, these dependent claims are 
also patentably distinct. 



Conclusion 

In view of the above amendments and the foregoing remarks, Applicant respectfully 
submits that all of the pending claims are in condition for allowance and respectfully request a 
favorable Office Action so indicating. 



Respectfully submitted, 



Date: February 3, 2004 




Reg. No. 37,009 



Enclosures: 

*Waveguide Description in EP 0 598 622 Al; Inventor: Arii; pg. 1 
*Two-Step Purely Thermal Ion-Exchange Technique for 

Single-Mode Waveguide Devices in Glass; pp. 1258 and 1259 of Electronics Letters 29 th 

September 1 988 Vol. 24, No. : 20 

*Glass Waveguide lxN Branching Devices, Tanaka et. Al; pp. 2 and 3 
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